Background: The general use of radiation therapy and radiosurgery as first-line or adjuvant treatment of central nervous system (CNS) lesions has been associated with several harmful effects. Case Description: We report the case of a 16-year-old male patient, submitted at the age of seven to surgical removal of a world heath organization (WHO) grade II diffuse astrocytoma and referred for adjuvant radiosurgery after three further surgeries due to local recurrences. Seven years after radiosurgical treatment, he presented with symptoms of intracranial hypertension. Magnetic resonance imaging (MRI) at the time showed a cavernous malformation in the tumor bed, histologically confirmed, without tumoral recurrence. Conclusion: This case report emphasizes the relation between radiosurgery and the appearance of the novo cavernous malformations, only described previously in one adult patient.
Introduction
The use of radiation therapy and radiosurgery as primary or adjuvant treatment of central nervous system (CNS) tumors has been associated with a wide range of deleterious effects, such as diffuse necrosis of white matter, demyelinization, reactive astrocytosis, cerebral atrophy, dystrophic mineralization, arteriopathy and the development of other tumors and cavernous malformations (CM) [1] . Radiation induced cavernomas were first described by Ciricillo et al. in 1994 [1] . Although this type of complication is rare, the number of publications on the subject has grown in recent years [1] [2] [3] [4] [5] [6] . CM are present in about 0, 5% of the general population and they comprise 16% of all cerebrovascular malformations [7] . The lesions can occur sporadically or as an inherited trait in some families. The familial form is transmitted as an autossomal dominant trait associated with 3 genetic loci [7] . Both sporadic and familial forms have incomplete clinical and radiological penetrance. Histologically, cavernomas are composed of dilated, contiguous vascular channels, with fragile walls, lined with just one endothelial layer, without any brain parenchyma in between [7] . Calcifications and hemorrhage in different grades can be present. CM are angiographically occult lesions. Despite the fact that during surgery tiny arterial afferents and venous efferents can sometimes be demonstrated, the size and flow of these vessels lies beneath the threshold depictable with angiography. On computed tomography (CT), CM are hyperdense and usually calcified. Magnetic resonance imaging (MRI) is the most sensible and specific imaging modality for the diagnosis of these lesions. Typical MRI features include a mixed signal lesion with "popcorn" appearance surrounded by a hypointense rim.
We report the case of a 16-year old boy with a low grade astrocytoma treated with surgery and radiosurgery, who subsequently developed a cavernous malformation in the area of the radiated bed.
Case Report
A seven-year old boy, presented with a short course intracranial hypertension. CT and MRI demonstrated a large contrast enhancing mass adjacent to the right atrium expanding into the deep white matter of the parietooccipital region. He underwent a radical resection of the tumor with no deficits and neuropathology reported a diffuse astrocytoma. The tumor was seen to recur and the patient was reoperated for three times, always with radical resections leaving a small mass attached to the choroids plexus in the right atrium. At the age of nine and after the last surgical resection, he was referred for adjuvant radiosurgery in order to improve local disease control. He received a total dose of 36 Gy in a single treatment at another institution. Since then no recurrence was ever detected in follow-up MRIs. At the age of 16, seven years after radiosurgery, he presented with recurring symptoms of intracranial hypertension, namely headache and nausea, without focal neurological deficits. MRI at the time showed a spherical right occipital subcortical peri-atrial mass, at the previous tumor bed with signal heterogeneity. It was isointense and hyperintense on T1 and hyperintense on T2-weighted imaging, compatible with recent hemorrhage, and also showed a hypointense ring surrounding the lesion in T2-weighted imaging " Figure 1" . He was submitted to surgical removal of the lesion. The lesion was easily demarcated and totally removed, with an uneventful post-operative period. The neuropathological diagnosis disclosed a CM " Figure 2" .
In the last imaging follow up (24 months after surgery) there were no clinical or imaging signs of either tumor or CM recurrence.
Discussion
In the revision of the literature on de novo CM of the CNS after radiotherapy, there are about 80 cases reported, in adults and children [1] [2] [3] [4] [5] [6] . However there is just one case reported of a CM occuring after radiosurgery treatment in an adult after 2 cycles of treatment, with a latency period of 2 years [5] . These lesions are rare and since they were first described, the association with radiation therapy has been surrounded by controversy. The complications of radiation therapy, whole-brain radiotherapy or radiosurgery, depend on therapy related factors such as total radiation dose, volume of irradiated parenchyma and associated use of chemotherapy, and factors inherent to the patient, such as age, immune status, genetic factors and type of primary tumor [1] . The latency period is variable, from one to 26 years, between the first radiation treatment and the diagnosis of CM. For this reason, the follow-up period has to be long. This latency period is inversely related to the total radiation dose. The majority of cases occur with radiation dose of more than 30 Gy [4] . There are two main explanations for the appearance of CM in patients treated with radiotherapy. The first supports the idea that CMs are pre-existent lesions that develop and are found just after the radiation treatment. The second theory sustains that CMs are caused by a proliferating vasculopathy that is started by the action of radiation in the cerebral vasculature, both locally and distally [2, 8] . The increased incidence of angiographically occult vascular malformation in children after radiotherapy may be linked to the high levels of angiogenic factors found in children compared with adults [3] . The pathogenesis of cavernous hemangiomas following radiotherapy is believed to result from injury to vascular structures because the radiotherapy stimulates the upregulation of angiogenesis factors such as vascular endothelial growth factor and basic fibroblast growth factor. This upregulation results in mineralizing microangiopathy, which leads to luminal narrowing in the smaller blood vessels in the brain. Stimulation of such growth factors, which are found in cavernous hemangiomas, may explain increased CM formation following radiotherapy [3] .
Indications for surgery are of course dependent on patient symptoms, as well as the size, number and location of the CM. Conservative treatment is advised in asymptomatic patients with no hemorrhage, but a close follow up is recommended [3] .
The present case report may suggest that more focused forms of high dose radiation treatment, like radiosurgery, can also induce the development of CM. In our patient the latency period was 7 years after a radiosurgery dose of 36 Gy, in accordance with the previously reported patients submitted to whole-brain radiotherapy. To support the cause-effect relation between radiosurgery and the appearance of the novo CM is the fact that the location of the cavernoma was the same as the residual glioma, which was submitted to radiosurgery.
With the incremental use of radiosurgery in recent years for the treatment of both benign brain tumors and arteriovenous malformations, the development of CM after this form of treatment will probably increase in the future, given the long latency period allowed by these diseases.
Conclusion
In the light of present knowledge, it is difficult to deny that the development of the novo CM is a rare and late complication of radiation treatment, either radiotherapy or radiosurgery as depicted in the present case. The increasing number of reported cases, especially in children, should make us more aware of this association, recommending imaging follow up whenever the clinical symptoms so justify.
